Objective To evaluate factors affecting incidence of complications after secondary alveolar bone grafting with premaxillary osteotomy (SABG + PO) in children with complete bilateral cleft of lip and palate (BCLP). Materials and methods Data were collected from children with BCLP treated with SABG + PO from 2004 to 2014 at our institute. Preoperative parameters included age, donor site, race, gingival health, bone quality around cleft-related teeth, premaxilla position, graft timing, presence of canines in the cleft, and presence of deciduous teeth around the cleft area. Logistic regression and the chi-squared test were used to assess correlations and the incidence of complications. Results In the 64 patients, a significant correlation was found between complication rate and timing of bone grafting with respect to early versus late SABG + PO (p = 0.041), age > 12 years (p = 0.011; odds ratio (OR) 5.9; 95% confidence interval (CI) 1.49-23.93), malposition of the premaxilla (p = 0.042; OR 3.3; 95% CI 1.04-10.13), and preoperative bone quality around cleft-related teeth (p = 0.005; OR 5.3; 95% CI 1.6-17.2). Conclusions The timing of SABG + PO is essential, as early SABG + PO is associated with fewer complications. A malpositioned premaxilla and poor bone quality around cleft-related teeth are associated with more complications. Therefore, preoperative orthodontic repositioning of the malpositioned premaxilla before SABG + PO should be considered. Clinical relevance Analysis of treatment protocols and complications for BCLP patients underscores that proper timing of SABG + PO and correct premaxilla repositioning help reduce complications.
Introduction
In cleft lip and palate patients, closure of the alveolar cleft involves an autologous bone graft. Secondary alveolar bone grafting (SABG) refers to closure of the alveolar cleft after palatal closing at an early age. However, there are differing opinions concerning the optimal timing and technique for closure of the alveolar cleft in complete bilateral cleft lip and palate (BCLP) patients [1] . In particular, handling of the position of the premaxilla in combination with SABG is technically difficult. Attention must be paid to the repositioning of the premaxilla, harvesting sufficient bone, and ensuring watertight closure of the gingiva [2, 3] .
Perko [4] and Freihofer et al. [5] suggested a case grouping of SABG with respect to timing, which can be executed with or without a simultaneous premaxillary osteotomy (PO). Early SABG takes place before eruption of the canines, and late SABG is performed after eruption of the canines [6] . The term tertiary alveolar bone grafting is used in cases where SABG or osteotomy of the premaxilla has previously failed. PO is defined as an osteotomy of the premaxilla segment in combination with bone grafting and can be scheduled during early or late SABG [5, 7] .
To define the success of SABG, several relevant parameters have been identified, including the presence of preoperative deciduous teeth around the cleft area, gingival health, a canine present in the cleft area, preoperative position of the premaxilla, preoperative bone quality around the cleft-related teeth, postoperative complications, and revision surgery [5, [8] [9] [10] . It is generally accepted that surgery should ideally be performed before eruption of the permanent canine [6] or before eruption of the lateral incisor, if present [8, 11] .
Orthodontic pretreatment plays an important role in the surgical outcome of SABG + PO in BCLP patients [12] . Presurgically, the position of the premaxilla and the teeth it bears should be optimized by orthodontic alignment. After SABG + PO, orthodontic treatment aims to move the canine or lateral incisor into the grafted area [13, 14] .
Several authors have assessed the clinical outcomes of SABG + PO using various endpoints (Table 1 ). Reported complication rates range from 10 to 46% [2, 3, 5, [8] [9] [10] [14] [15] [16] [17] . The only Cochrane review on this issue concluded that there was insufficient evidence for a definite conclusion on SABG because the groups in the articles reviewed were too small to draw any conclusions [18] . We conducted the present retrospective analysis of SABG + PO in BCLP patients to add data from the Department of Oral and Maxillofacial Surgery in the Wilhelmina Children's Hospital cleft team of the University of Utrecht, the Netherlands, to the current literature. This study is aimed at evaluating our treatment protocols for 69 BCLP patients, with a focus on correlations between complications and each of several relevant parameters.
Materials and methods
This study was a nonrandomized, uncontrolled retrospective consecutive cohort study of all children with a complete BCLP who underwent SABG + PO at the Department of Oral and Maxillofacial Surgery between 2004 and 2014. Patients for whom insufficient surgical data were available were excluded. Patients with some preoperative parameters missing (see below) were included in the analysis. In all, the records of 64 children were suitable for analysis. Follow-up time ranged from 3.1 to 13.4 years. Treatment consisted of SABG with a PO aimed at ages 8-12 years (range 8-17 years, mean 11.37 years, standard deviation 1.77 years), ideally at a 67% (2/3) developmental stage of the root of the upper canine or of the lateral incisor, if present.
Surgical protocols

Primary closure
The surgical protocol involved closure of the lip at approximately 6 months according to a modified Millard or Tennison technique [19] . In the event of a wide cleft, lip adhesion was performed before closure of the lip. Closure of the soft palate was accomplished according to the procedure described by Sommerlad [20] at 7-9 months. Closure of the hard palate was performed as described by von Langenbeck [21] at 3-6 years of age. These procedures were performed by plastic surgeons from the cleft team and were not analyzed in this study.
PO and bone grafting
Preoperative orthodontic alignment of the alveolar process was conducted in most patients. Orthodontic repositioning of the premaxilla and its teeth was executed if possible. This was performed using removable and/or fixed orthodontic appliances, thus creating a better preoperative frontal dental relationship. The aim of the orthodontic treatment was to align the maxillary segments by expansion of the lateral segments with removable appliances. Orthodontic treatment corrected crowding of the teeth and aligned the upper arch in three segments. The orthodontic treatment did not attempt to correct the vertical or horizontal malposition of the premaxilla.
The surgery was planned using a dental cast model on which a stainless steel splint was manufactured to stabilize the premaxilla during and after surgery. Surgery was carried out under general anesthesia by two experienced surgeons (RK and RvE), and patients were administered prophylactic intravenous clindamycin 13 mg/kg three times daily from the start of surgery and for 3 days postoperatively. The SABG + PO was performed to achieve a better view of and access to the nasal floor for a watertight closure of the nasal mucosal layer and to reposition the premaxilla. Using this technique, it was possible to place the premaxilla in a vertically and sagittally optimal position, preferably according to an Angle Class I frontal relationship. In all cases, the premaxilla was fixated apically to the vomerine bone with a 0.4-mm stainless steel wire. The alveolar cleft was grafted on both sides during the same surgical procedure. Preferably, a mandibular symphyseal bone graft was used for grafting [22, 23] . If an insufficient quantity of symphyseal bone was observed or if there was a risk of damaging the apical roots of the lower cuspids or incisors, the iliac crest bone was harvested instead. The mucosal layers were closed with slowly resorbing Vicryl 4-0 sutures (Ethicon, Inc., Somerville, NJ, USA). The premaxilla was stabilized with the preoperatively manufactured splint. This splint was semirigidly fixated with stainless steel wires and acrylic resin for at least 6 weeks. During the first postoperative week, the wound was protected with an iodoform-petroleum jelly gauze covered with a zinc oxide-eugenol paste.
Preoperative parameters
Preoperative baseline data collected included sex, race, and age at time of surgery. Preoperative parameters collected included position of the premaxilla, preoperative bone quality around cleft-related teeth, gingival health, presence of a canine in the cleft, and presence of deciduous teeth around the cleft area. Other data collected included donor site of the graft (chin or iliac crest), timing of SABG (early or late), and follow-up period. All variables except race and the follow-up period were analyzed for correlation with complications. The cases with missing variables were excluded from subgroup analysis.
Four preoperative parameters-preoperative position of the maxilla, timing of the graft procedure, preoperative bone quality, and gingival health-were analyzed as follows:
1. Preoperative position of the premaxilla was evaluated using occlusal radiography and clinical photographs. Xray scans and photographs were assessed initially by two authors (KB, RvE) until there was a consensus. The results were classified into three categories: reasonable to correct, somewhat displaced, and severely displaced.
Anchor pictures were used to classify the premaxillary positions ( Fig. 1 ).
2.
Timing of the grafting procedure was related to the age of the patient and determined using panoramic X-rays to evaluate the developmental stage of the root of the cuspid or of the lateral incisor, if present. If root formation of the cuspid or lateral incisor was 75% developed, and the position of the cuspid/lateral incisor was one crown length above the occlusal line, it was classified as an impacted cuspid/lateral incisor. If the cuspid/lateral incisor was in the line of occlusion and the root development was > 75%, it was classified as an erupted cuspid. Impacted cuspids were grouped as early SABG. If the cuspid had erupted, it was grouped as late SABG. In the event the cuspid was missing, the lateral incisor was used. Anchor pictures were used as guidelines for classification ( Fig. 2 ).
Preoperative bone quality around the cleft-related teeth
was estimated using occlusal X-ray scans. Alveolar bone height loss was classified as no bone loss, some bone loss, or severe bone loss. Anchor pictures were used for classification ( Fig. 1 ). 4. Gingival health and oral hygiene were judged using clinical photographs of the dentition. The gingiva was rated healthy, mildly inflamed, or clearly inflamed. Anchor pictures were used for classification ( Fig. 3 ). The abovementioned parameters were analyzed twice by KB and RvE within a time span of 1 year to calculate an intraobserver correlation. A second observer (AR) also analyzed these parameters to calculate an interobserver correlation.
Complications
A complication was defined as an adverse effect directly related to the surgical procedure. Revision surgery, or reoperation, was defined as surgery that had to be performed after the SABG and could be related to the SABG procedure.
Statistical analysis
The baseline characteristics of the 64 patients are reported as categorical variables. Univariate logistic regression was performed to assess the associations between these variables, with a chi-squared test if appropriate. If any trends were noted, receiver operating characteristic (ROC) curve analysis was used to determine the appropriate cutoff values for dividing patients into subgroups. Analysis of variance (ANOVA) was utilized to calculate the difference in average age between the early and late SABG + PO groups. Subgroup analysis was performed for preoperative parameters. SPSS for Mac (release 25.0.0.0, 2017, IBM Corp., Armonk, NY, USA) was used for all statistical analyses. All test statistics were two-tailed, and the significance level was set at p < 0.05. Inter-and intrarater correlations were calculated using the VassarStats online calculator (vassarstats.net, 2019) to calculate Cohen's weighted kappa.
The strength of agreement was defined as poor agreement (kappa < 0.20), fair (0.21-0.40), moderate (0.41-0.60), good (0.61-0.80), and excellent (0.81-100).
Results
Baseline characteristics
Of 69 children with BCLP who had undergone SABG between 2004 and 2014, 65 had undergone SABG + PO. The surgical data of one patient were missing. Thus, 64 cases were suitable for analysis. The timing of SABG + PO ranged from 8 to 17 years (mean 11.37 years, standard deviation 1.77 years). Baseline characteristics of the 64 included patients are presented in Table 2 . There were 26 girls and 38 boys, with a mean age at surgery of 11.37 years (range 8-17 years); 49 patients were Caucasian and 15 were non-Caucasian. The mean follow-up time was 7.72 years (range 3.1-13.4 years). The donor site was the iliac crest in 9 (14.1%) cases and the mandibular symphysis in 55 (85.9%) cases. Nineteen patients had complications that included wound dehiscence (three patients), oronasal fistulas (five), total alveolar bone graft loss (six), avascular necrosis of the premaxilla (two), and three other complications (Table 3) . A detailed analysis of the relationship between preoperative parameters and complications is given below. Revision surgery was required for 18 patients. Four cases were syndrome-related: two cases had ectrodactyly-ectodermal dysplasia-cleft syndrome (OMIM: 129900), one had amniotic band syndrome (OMIM: 217100), and one case had oculogenito-laryngeal(Opitz) syndrome (OMIM: 300000).
Regarding the preoperative parameters, photographs were incomplete for three patients; thus, gingival health could only be scored for 61 patients. Of these, 32 patients were classified in the category as having a healthy gingiva, 27 having a mild inflamed gingiva, and two having clearly inflamed gingiva.
The preoperative position of the premaxilla was evaluated in all 64 patients. The premaxilla was found to be in a reasonable position in 33 patients, in an intermediate position in 27 patients, and in a severely displaced position in four patients.
Among the 63 radiographically evaluable patients, bone quality around the cleft-related teeth was good in 43 patients, fair in 18, and poor in two patients. Table 4 shows the weighted kappa values for the inter-and intrarater reliability. The inter-and intrarater weighted kappa values were as follows: preoperative position of the premaxilla (0.52, 0.67), timing of grafting (0.84, 0.78), preoperative bone quality around the cleft-related teeth (0.27, 0.75), and gingival health (0.62, 0.62). Table 5 shows the relationship of preoperative parameters to encountered complications. Because not all clinical information was retrievable, some parameters were not evaluable in all patients. Because of the small numbers of patients in some categories, some of the aforementioned categories were combined for the analysis. Specifically, "poor" and "fair" preoperative bone qualities around cleft-related teeth were grouped together, as were "intermediate" and "severe" displacement of the premaxilla.
Analysis of postoperative complications
There were three parameters that showed a significant relationship with the rate of complications: preoperative bone quality around the cleft-related teeth (p = 0.005), preoperative position of the premaxilla (p = 0.042), and SABG + PO timing (p = 0.041). Logistic regression analysis revealed the respective odds ratios (ORs) and 95% confidence intervals (CIs) for these parameters ( Table 6 ). The logistic regression also revealed a significant trend (OR 1.4; 95% CI 1.013-1.92; p = 0.041) toward more complications at older ages. As expected, the average age of the early SABG + PO group differed from that of the late SABG + PO group. Early SABG + PO was performed at a mean age of 10.81 ± 1.39 years (n = 37), and late SABG + PO was performed at 12.19 ± 2.00 years (n = 26) (p = 0.002; ANOVA) (Table 7) . Therefore, we performed a ROC curve analysis, which revealed a cutoff age of 12 years. Subsequent logistic regression showed a significant increase in the rate of complications (OR 5.9; 95% CI 1.49-23.93; p = 0.011) among patients > 12 years of age. Similarly, revision surgery was more frequently necessary in such patients (OR 6.68; 95% CI 1.65-26.99; p = 0.008).
Gingival health appeared to be not related to the incidence of complications (chi-squared p = 0.865; OR 
Discussion
The present study provides a retrospective analysis of cases of 64 children with BCLP who were treated in Wilhelmina Children's Hospital for closure of their alveolar clefts. This is one of the larger groups of BCLP patients with SABG + PO studied [1, 12] . Our patient group had an overall complication rate of 29%, which is similar to rates reported in previous studies. This study found a significant association between the incidence of complications and the age at surgery, preoperative bone quality around the cleft-related teeth, and preoperative malposition of the premaxilla. Previous reports used different definitions for reporting complications: insufficient bone height of the alveolar process only or patients with residual fistulas [15, 24] . Complication rates after SABG + PO in BCLP patients [8, 25] are reported to vary from 10 to 46% and are generally higher in bilateral clefts than those observed in unilateral cleft lip and palate patients [10] . In the present study, we defined all variables resulting in an unsatisfactory outcome of alveolar bone graft surgery-i.e., requiring secondary surgery or conservative measures such as antibiotics-as complications.
Our analyses also revealed that the age at surgery had an influence on the complication rate. The subsequent ROC curve analysis revealed a cutoff point of 12 years, above which there was a significant increase in the rate of complications and the need for reoperation. This finding is also in concordance with those of previous studies [8, 24] .
Malposition of the premaxilla
Appropriate orthodontic preparation is an important factor in successful SABG + PO [14] . In particular, widening the narrow alveolar cleft provides better surgical access and easier grafting of the cleft [26] . In the present study, 42% of patients with a displaced premaxilla required revision surgery, despite semirigid stabilization with a preoperatively manufactured splint. Other authors have also emphasized the substantial effects of preoperative malposition of the premaxilla on the development of complications [27, 28] . The preoperative position of the premaxilla is often displaced or twisted and requires orthodontical or surgical repositioning. After repositioning of a severely displaced premaxilla, it can be difficult to find sufficient soft tissues to achieve watertight and tension- . Wound dehiscence will subsequently result in infection or loss of the grafted bone [29] . Sindet-Pedersen and Enemark reported that patients undergoing bilateral late SABG had the highest rate of complications (37.5%) among their study group [8] . They found that delayed bone healing is mostly related to infection in the grafted region. This is due to the fact that BCLP patients have relatively little mucosal tissue available to cover the grafted area [8, 30] . When SABG is combined with an osteotomy of the premaxilla, the nasal mucosa is more accessible, rendering an easier watertight closure [1, 31] . The osteotomy can be combined with application of a resorbable membrane such as a collagen membrane. This provides an adequate exposure of the nasal floor and an extra protective layer [2, 27] . Moreover, Shirani et al. described the need for revision surgery in 44% of their BCLP patients and stressed the importance of a semirigid fixation of the premaxilla after osteotomy and alveolar bone grafting [14] . We therefore believe that preoperative alignment of the malpositioned premaxilla before SABG + PO might reduce complication rates. Whether or not to strive for an optimal preoperative orthodontical alignment of the premaxilla will be the subject of further study.
Timing: early versus late
The ages of 8-11 years are considered appropriate to perform SABG + PO [32, 33] . It is possible to operate even earlier without influencing the growth of the maxilla [30, 34] . The present study demonstrates a significant relationship between late (> 12 years) SABG and the development of complications. Previous studies have found a significantly higher complication rate in older patients, especially in the late secondary and tertiary alveolar bone grafting groups [8, 35, 36] . Miller et al. demonstrated that the ideal time for SABG is before eruption of the canine or, if present, the permanent lateral incisor. If the lateral incisor or canine erupts into the grafted cleft, it also results in better residual bone volume after SABG a Revision surgery: defined as surgery that had to be performed after the secondary alveolar bone grafting and could be related to this procedure. Except for the case of premaxillary necrosis, this consisted only of wound debridement. Each complication is counted as a separate patient [11] . Success rates as low as 39% for groups with the oldest patients and as high as 100% for groups with the youngest patients have been reported by others [7, 8, 11, 17] .
Oral hygiene
Many BCLP patients appear to neglect their disorder and, consequently, have poor oral hygiene [37] . Moreover, if there is a malposition of the premaxilla and/or crowding of teeth, oral hygiene around the cleft-related teeth is technically difficult also because of the lack of a vestibule in the premaxillary region [38] . Based on the images of gingival health, 35% of the patients in our population had insufficient oral hygiene. The condition of the gingiva and the graft-covering mucosa seem associated with the success rate of SABG + PO; poor oral health is reported to be a risk factor for infection of the [10] . In the present study, there was a trend toward an increased rate of complications with poor gingival health, but the relationship proved to be not significant.
Bone quality around the cleft
The present study found a significant relation between preoperative bone quality around the cleft-related teeth and the development of a postoperative complication. However, this has to be interpreted with great care, because the intrarater weighted kappa was 0.27, which is a poor intrarater reliability. One radiographic study found significant bone loss around teeth at the cleft site in cleft patients [37] . Quirynen et al. found differences between former clefts and adjacent teeth compared with the contralateral nonoperated side. They stated that local factors may influence the condition of the periodontium and the development of gingivitis in cleft patients [39] . Although in unilateral clefts no long-term significant differences between the cleft side and the healthy side were found, there are significant short-term differences in probing depth around the cleft-related teeth and also in the amount of plaque compared with the no cleft side [40] . This is in accordance with our findings, and it is possible that those short-term factors influence the development of complications after SABG + PO.
Preoperative extractions
If supernumerary or deciduous teeth are present in the cleft area, some authors advise that these teeth be extracted at least 4-6 weeks before the SABG + PO procedure is performed [11, 25] . This renders the flap designing for graft cover easier, with fewer perforations and less risk of wound dehiscence, resulting in fewer immediate postoperative complications [25] . In the present study population, special attention was paid to the preoperative extraction of deciduous teeth. Therefore, we were unable to analyze the influence of preoperative extractions, as all clefts were already cleared of deciduous teeth.
Limitations
Because of the retrospective design of this study, clinical data could not be retrieved in some cases and were noted as missing. This methodological flaw may have caused a selection bias in choosing early versus late alveolar bone grafting. The effect of this bias on the outcome remains unclear. The length of follow-up had a wide range of 3-13 years, which may include confounders. In addition, radiological examinations were performed with two-dimensional images, which render analysis of the bone quality around the teeth difficult, resulting in a fair interrater reliability. The results of the bone quality should therefore be interpreted carefully.
It must be realized that this study included a heterogeneous group of patients with BCLP including Caucasians, non-Caucasians, and syndrome-related cases; therefore, the results must be interpreted with caution. Unfortunately, patientrelated outcomes were not available to correlate patient satisfaction with outcomes.
Conclusions
This study underscores that the timing of SABG + PO is essential. Early SABG + PO results in fewer complications than does late SABG + PO and should be preferred. Moreover, a severely displaced and cranially rotated premaxilla is a predictor of complications. Preoperative orthodontic repositioning of the severely displaced and cranially rotated premaxilla might be considered.
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